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Abstract: The polarimetric massive MIMO radio channel of an indoor Line-Of-Sight (LOS) scenario is investigated at 1.35 GHz
using a real-time radio channel sounder. The 8× 12 massive MIMO transmitter is constructed using a hybrid architecture including
a vertical uniform linear array (V-ULA) translated at different horizontal positions forming a virtual, yet realistic, uniform rectangular
array. The performance of the system is evaluated with 6 users distributed in the room for different polarization schemes and
receiver orientations using propagation channel-based metrics (such as receiver spatial correlation, Rician factor, etc.) and system-
oriented metrics such as sum-rate capacity and signal to interference and noise ratio. The results show a clear dependence of
the performance to the polarization schemes and receiver orientation. Furthermore, it is concluded that the additional degree of
freedom brought by the polarization diversity can contribute to improve spectral efficiency, paving the way for further capacity
enhancements in massive MIMO systems.
1 Introduction
New radio requirements and challenges are arising in the near future
for modern telecommunication systems [1]. These requirements
include increased capacity, improved data rate, decreased latency,
and better quality of service [2] for scenarios and use-cases out-
lined in [3]. To meet these demands, drastic improvements need to
be made in the cellular network architecture. Massive MIMO is a
multi-user MIMO (MU-MIMO) system using spatial multiplexing
over a wireless channel and is considered as one of the emerging 5G
technologies capable of filling the gap between current telecommu-
nication standards and these future requirements for next generation
wireless systems. This concept was first introduced in [4] where
the author states that as the base station (BS) antennas approach
infinity, individual user channels become spatially decorrelated and
pair wise orthogonal. An overview of benefits, opportunities and
challenges for massive MIMO are presented in [5–7]. Different pre-
coding techniques are studied in [8] and it was concluded that, in
the studied residential-area environment, users can be uncorrelated
using reasonably large number of antennas combined with simple
linear pre-coders. A comparison between the performance of the dif-
ferent pre-coders is presented for massive MU-MIMO systems in
[9].
However, characterizing a full physical massive MIMO radio
channel can be a complex and costly approach. Large-scale MIMO
channel sounding and system evaluation have only been tested in
some labs [10–14] and a few field trials were reported such as in
[15–17]. The largest gains in a massive MIMO setup come from spa-
tial multiplexing of many users per cell, thus these gains can only be
harvested when there are many users simultaneously requesting data.
Recently, the Russian telecom operator MTS has deployed more than
40 state-of-the-art LTE sites with massive MIMO functionality in
seven cities where the 2018 FIFA World Cup took place [18].
Another popular sounding solution is virtual measurements of mas-
sive MIMO wherein one antenna moves over several positions to
simulate a full system. However, in a virtual setting approach, mutual
coupling between different antennas is overlooked as well as RF
chains imperfections and power consumption issues. In addition,
since the measurement time can well exceed the coherence time due
to the displacement of the antenna, only static radio channels can
be investigated. In [19], a LOS scenario was studied for an indoor
environment at 94 GHz with a focus on spatial correlation and phase
variations. In [20], a virtual ULA of 128 positions (spanning 7.4 m)
was used for outdoor measurements at 2.6 GHz with vertically polar-
ized antennas. In [21], a virtual circular array has been investigated
in an actual indoor environment at 20 GHz and channel measure-
ments with statistical modeling of virtual 2D massive MIMO UWB
(ultra wideband) channels are reported for two typical indoor envi-
ronments using virtual elements were reported in [22]. In [23],
propagation characteristics of a virtual massive MIMO (256× 16)
in an urban macro cell scenario were investigated at 3.5 GHz with
100 & 200 MHz bandwidths and 6 GHz with 200 MHz bandwidth.
Other indoor measurements were also conducted at 6 GHz [24], 13-
17 GHz [25] and some mobile measurements for cluster variation
were reported in [26]. Other outdoor measurements exist also in the
literature at 15 GHz [27] and 3.33 GHz [28]. All these measurements
evaluate the massive channel using metrics such as eigenvalue dis-
tribution, condition number, Rician factor, delay spread and other
system metrics such as sum-rate capacity.
Nonetheless, there is a clear lack in the literature regarding
polarimetric massive MIMO measurements and the potential of
using polarization diversity as an additional degree of freedom to
improve orthogonality between the different channels. This possi-
bility depends on the channel characteristics underlining the impor-
tance of exploiting channel parameters such as the Rician factor and
the cross-polarization discrimination factor.
This work falls within this context and aims at experimentally
evaluating the polarimetric 96× 6 massive MIMO channel in an
indoor scenario at 1.35 GHz where all 6 users are equipped with
a single antenna. As such, this configuration can alternatively be cat-
egorized under the MU-MISO type (multiple-input single-output)
which is expected to be deployed in practice. The massive MIMO
transmitter is a hybrid virtual setup and consists in a real V-
ULA translated at different horizontal positions. This is a trade-off
between a full virtual setup and a full physical array. This approach
is rather original for massive MIMO systems as far as the authors
are concerned and its benefits are discussed later. The massive
multi-user channel is extracted for different user orientations using
the real-time channel sounder MIMOSA (Multiple-Input Multiple-
Output Sounding Acquisition) [29]. System performance for differ-
ent polarization schemes (co- and cross-polarization) is evaluated
using propagation and system metrics. Zero-forcing (ZF) is used for
pre-coding and the iterative waterfilling technique for power allo-
cation. This combination is emerging as a popular approach for
1
massive MIMO systems [30–34]. In particular, the capability of a
massive MIMO system to spatially separate a given number of users
and the sum-rate capacity in the studied indoor environment are
addressed for the different setups.
The rest of the paper is organized as follows: the system model
and pre-coding techniques are outlined in section II. Section III
presents system performance metrics and propagation channel eval-
uation tools. In section IV, the scenario, measurement setup and
the channel sounder are presented. Before concluding, the different
results are presented in Section V.
1.1 Notations
In this paper, E{.} denotes the mathematical expectation, (.)H repre-
sents the Hermitian matrix (conjugate transpose), |.| is the absolute
value (magnitude), ‖.‖ the norm of a vector and ‖.‖F denotes the
Frobenius norm of a matrix. det is the determinant of a matrix and
Tr its trace. Lower case letters are used to denote scalars, upper case
boldface letters represent matrices and boldface is used to denote
vectors. ∼ CN (µ, σ2) denotes a complex circular symmetric Gaus-
sian distribution with mean µ and variance σ2. I.i.d. denotes the
independent and identically elements distribution.
2 System model
2.1 System Model
Here, for post-processing the results, only the downlink (DL) chan-
nel of a massive MU-MISO system is considered. The BS is
equipped with M antennas serving simultaneously and in the same
time-frequency resource K single-antenna users distributed in the
scenario. The channel can be described as flat-band at each sub-
carrier or frequency point. The received signal at user k is given
by:
yk = hkwks
′
k +
K∑
i=1, i 6=k
hkwis
′
i + nk, (1)
where yk is the received DL signal for user k, H is the com-
posite K ×M channel matrix and hk ∈ C1×M is the kth complex
raw vector of H from the M BS antennas towards user k and
n the white-noise vector with i.i.d. circularly-symmetric complex
Gaussian CN (0, σ2n) elements. In Eq. 1, W denotes the M ×K
pre-coding matrix formed by the beamforming vectors for each user
W = [w1,w2, ...,wK ] .
s′ =
√
Ps, (2)
where s is the K × 1 data symbol raw vector with unit energy
(E(ssH) = 1). In this case, E(s′s′H) = PT whereP is the diagonal
K ×K power allocation matrix with diagonal elements pk desig-
nating power allocated to the kth user subject to the total available
power PT constraint:
K∑
k=1
pk ≤ PT . (3)
It should be noted that if both W and n have unit power (given that
s′ has also unit energy ), pk can be interpreted as transmit signal
to noise ratio (SNR) after the normalization. In this investigation,
the well-known water-filling iterative algorithm is used for power
distribution. The water-filling approach has been widely used to opti-
mize power allocation amongst users in massive MU-MISO schemes
[35–37].
2.2 Pre-coding techniques
Pre-coding techniques are designed for separating spatial data
streams while minimizing inter-user interference as much as possi-
ble. Massive MIMO benefits derive from the use of linear pre-coders
[4] such as MRT, ZF, and MMSE (or regularized ZF). For DL, the
base station pre-filters signals to the intended users. The performance
of the different pre-coders depends on the considered scenario, the
generated channels, the number and distribution of users and other
factors.
In this investigation, only ZF will be evaluated and is given by Eq. 4:
W = HH(HHH)−1 for ZF (4)
The normalized version of each pre-coding vector is given by
wk
‖wk‖
.
3 System Performance and Propagation Channel
Evaluation
3.1 System Performance
In order to evaluate the system performance, the sum-rate capac-
ity with water-filling is used. Indeed, sum-rate capacity provides an
upper bound on the achievable rates and spectral efficiency aspect.
Moreover, it is considered that the computation of the optimal sum
capacity is a particularly complex task since the power allocation
needs to be numerically optimized. This clearly shows the benefit of
linear schemes alongside heuristic strategies such as water-filling in
practice. This is specifically true for large-scale MIMO systems for
which channel hardening [38] is more pronounced compared to clas-
sical MIMO systems. Taking into account Eq. 1, the corresponding
signal to interference plus noise ratio (SINR) for user k is given
by:
SINRk =
pk|hkwk|2∑K
i=1, i 6=k pi|hkwi|2 + σ2n
, (5)
It should be noted that ρ is included in the water-filling optimiza-
tion so its value is underlying in pk. The corresponding rate for user
k is:
Ck = log2(1 + SINRk), in bits/s/Hz (6)
and the sum-rate in the considered cell or scenario will be:
C =
K∑
k=1
Ck. (7)
3.2 Propagation Channel Characteristics
In order to characterize the behavior of the different polarization
schemes XY (where X is the polarization at Tx (H or V) and Y
is the polarization at the Rx (H or V)), the average received power
P(ψ) is first computed in the bandwidth Bw for each Tx-Rx link at
each snapshotN and for every polarization link ψ. ψ could be either
co-polar (X = Y ) or cross-polar (X 6= Y ). The power per link and
snapshot is expressed as:
P(ψ) = 1
Mf
Mf∑
i=1
(|h(ψ, i)|2), (8)
where h(ψ, i) represents the complex transfer function at frequency
point i for a given polarization link ψ and Mf the number of fre-
quency points. In this polarimetric investigation, it is critical to
characterize the channel depolarization effects to understand the
different mechanisms impacting the system performance. Cross-
polarization discrimination (XPD) is defined as the ratio between
average received power in co-polarization mode to the average
received power in cross-polarization mode and can be expressed as :
XPD(dB) = 10 log10
(
Pco−polar
Pcross−polar
)
. (9)
Also, the Rician factor K, defined as the ratio between the
LOS and MPC (multipath components without the LOS component)
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power (Eq. 10), a classical parameter in wireless communication
systems, is here studied. Its influence on spatial correlation (defined
below) and system performance is evaluated for LOS environments
where users separation (and pre-coding weights) is more complex
than in rich-scattered Rayleigh environment.
K(dB) = 10log10
(
PLOS∑N
i=1 P
i
NLOS
)
, (10)
where PLOS is the LOS power, P
i
NLOS is the power of the i
th
NLOS MPC, and N the number of computed NLOS MPC.
3.3 Spatial Channel Correlation
The Rx spatial correlation properties highlight the capability of a
massive MU-MISO system to simultaneously serve a number of
users. It evaluates the orthogonality between channel vectors and
thus reflects if the propagation is favorable or not. The propagation
is said to be favorable when users are mutually orthogonal (thus an
environment with rich scattering). In Massive MIMO, it is more ade-
quate to talk about joint correlation of multiple channel vectors (a
channel vector is a 1×M vector containing the channels for the M
element array to a given user). First, the receiving correlation matrix
RRx can be expressed as:
RRx = E{HHH}, (11)
and then normalized with the corresponding variances of the chan-
nel vectors. In order to represent the result of the operation in Eq. 11,
a scalar value for ρRx should be derived. A macroscopic Rx corre-
lation coefficient ρRx (or intercorrelation) is derived from RRx by
averaging the off-diagonal upper triangular part ofRRx (because of
Hermitian symmetry). The canonical model in the Massive MIMO
literature is i.i.d. Rayleigh fading. In this case the vector is a cir-
cularly symmetric complex Gaussian random variable. With i.i.d.
Rayleigh fading, the channel gain ‖h‖2 follows an Erlang distri-
bution (scaled χ2 distribution) where the channel direction h/‖h‖
is uniformly distributed over the unit sphere in CM . This is a spa-
tially uncorrelated channel model that will be used throughout the
investigation as a reference model.
4 Measurement Setup and Channel Sounder
4.1 Measurement setup and scenario
The static indoor office scenario is located on the University of Lille
campus in the building hosting the IEMN-TELICE research group.
The office dimension is 7.92 m x 6.82 m x 3 m (W x L x h). The
room is surrounded by concrete walls on all sides and furnished with
wooden tables disposed as shown in the panoramic view (Fig. 1)
from the transmitter array point of view. 6 Rx users with single
(bi-polar) antenna each are considered. The entrance is through a
wooden door and the schematic in Fig. 2 gives a detailed view of the
Rx distribution in the room. The location of the Rx users was chosen
randomly but some are close users (i.e. spatially correlated which are
presumably harder to separate). The metallic radiator protection cov-
ers the whole wall along D under four windows. The channel sounder
was in the room while the measurements were performed. As it can
be seen, a LOS always exists between Tx and Rx to simulate a strong
Rician environment.
4.2 Radio Channel Sounder and Hybrid Setup
The MIMOSA radio channel sounder used to measure the radio
channel transfer functions has been developed jointly by the TELICE
group of the University of Lille and the WAVES group of the Univer-
sity of Ghent. This sounder allows the simultaneous measurement of
16 outputs and 16 inputs over an 80 MHz bandwidth at 1.35 GHz
Fig. 1: Panoramic view of the indoor room from the HV-MMIMO
transmitter.
central frequency. The sounder allows real-time processing of trans-
fer matrices which are measured in∼ 200 µs. Technical and detailed
specifications of the sounder can be found in [29].
The massive transmitter array consists in an 8-element vertical ULA
(V-ULA) fixed on an 80 cm long metallic rail equipped with a motor
commanded via a LabView positioning program. By specifying (1)
the horizontal step and (2) the number of desired positions for the
V-ULA, a hybrid massive array setup can be configured. This is a
simple and practical solution to test a massive MU-MISO system
that does not require the full number of radio frequency chains. It is
also a faster approach than a full virtual system with one displaced
element along x and y direction and for which coupling effects and
RF impairments are totally neglected. The link between the Lab-
View program and the motor is done using optical cables such that
the computer can be located outside of the room. The full simulated
96 elements array is shown as in Fig. 2. The first V-ULA position is
shown on the right and the 11 other positions are represented with
faded colors.
Identical dual-polarized patch antennas are used for Tx and Rx.
These antennas operate at 1.35 GHz with 80 MHz bandwidth, 80
degrees beamwidth at -3 dB (in azimuth and elevation), 7 dBi gain
and typical nominal VSWR≤ 2 in the band of interest [39]. In these
polarimetric measurements, each Tx-Rx link will have four channels
formed by the combination of 4 different polarization schemes : VV
and HH for co-polarization, VH and HV for cross polarization. Note
that in optimal conditions, the Tx inter-element spacing for the ULA
should be equal to the horizontal displacement. However, the spec-
ified step for the positioning program is in hexadecimal format and
a precise value could not be reached resulting in a negligible a 3.7
% error between vertical and horizontal spacing. Main features of
the channel sounder as well as the hybrid setup parameters of the Tx
array are listed in Table 1.
Four different orientations O were selected for the measurements
as depicted in Fig. 2 : (O1) facing the board (A side), (O2) facing the
entrance door (B), (O3) facing the back wall (C) and (O4) facing the
windows (D). For the following analysis, all antennas representing
user equipments have the same orientation.
5 Results
5.1 Propagation Channel Characteristics
The empirical cumulative distribution function (ecdf) of the average
received power (see Eq. 8) for each orientation O and for all four
possible polarization links ψ is presented in Fig. 3 to illustrate the
power variation between the different scenarios. First, it can be seen
that O1 and O2 display the highest average received power because
they are facing (for all users except Rx3 in O1) the transmitting
array. O3 and O4 display ≈ 3 dB less received power. It can also
be concluded that V and H polarization both propagate equally well
in this scenario with no significant difference. Hence, only the V-
polarization for reception will be considered in order to simplify the
analysis but both polarizations at Tx are considered. This assump-
tion derives from a practical point of view where the complexity of
switching polarizations is at the Tx side.
3
Table 1 Radio channel sounder main features and System Parameters
MIMOSA Main Features Tx array parameters
Frequency 1.35 GHz # of ULA elements 8
Span BW 80 MHz # of horizontal positions 12
Resolution (sampling step) 12.5 ns (3.75 m) # of Tx antennas M (hybrid setup) 96
Dynamic Range > 100 dB # of Rx users K 6
Frequency points 819 Antenna spacing for ULA 10.8 cm (0.486 λ)
Subcarrier spacing 97.7 kHz Horizontal Step 10.368 cm (0.468 λ )
Wavelength 22.22 cm
Snapshot time 243.84 µs Height of first Tx element 1.01 m
Number of snapshots 10 Height of last Tx element 1.765 m
Tx output power 0.01 to 1 W Height of Rx antenna 1.65 m
Number of snapshots 10 Number of orientations 4
Fig. 2: Schematic top-view of the indoor room and the Tx setup
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Fig. 3: Average received gain for all four orientations and all
polarization links: a) O1, b) O2, c) O3, d) O4.
Table 2 Median received power for different selected configurations
Orientation ψ P(ψ)(dB)
O1
VV -43.11
HV -50.6
O2
VV -43.77
HV -50.61
O3
VV -47.81
HV -53.46
O4
VV -47.62
HV -52.17
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Fig. 4: ECDF of the XPD for all four orientations.
In addition, Fig. 4 presents the XPD (V V /HV ) for all four ori-
entations. The corresponding values of median values for average
received power for the considered scenarios are shown in Table 2.
The XPD values vary between -3 and 20 dB for O1 and -6 and 16
dB for O3. Two close families of curves appear for O1/O2 and the
other for O3/O4, respectively. These differences justify the analy-
sis as a function of different orientations to inject diversity in the
observed channels for the same indoor scenario.
5.2 Rice Factor
The ecdf ofK, averaged over different snapshots and users, is shown
in Fig. 5. From this figure, it can be seen that K varies between
≈ 3.5 and 12.3 dB for 50% of the values underlining a consider-
able difference between the users channels for different orientations
and links. Also, O1 and O2 experience a stronger Rician environ-
ment than O3 and O4 suggesting more correlation between users
and specifically for co-polarization schemes could be reached. For
O1 and O2, the gap between co and cross-polarized curves (≈ 3 - 4
dB) is greater than for O3 and O4 for which VV and HV schemes
4
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Fig. 5: ECDF of Rician factor K for all four orientations.
display similar values. For O3 and O4 presenting smaller values of
K (weaker LOS), polarization diversity does not affect the Rician
factor. Hence, the dependence of polarization diversity to spatial sep-
aration between users might be expected to less pronounced thanO1
and O2.
5.3 Spatial Receiver Correlation
ρRx (Eq. 11) is presented in Fig. 6 as a function of the number of
active Tx antennas for all orientations and for VV and HV polar-
ization. The results indicate that ρRx strongly depends on the user
orientationO. In addition, for a givenO, ρRx strongly depends onψ.
For O3 and O4, values of ρRx are slightly lower for co-polarization
schemes and more importantly drop faster. This means that less Tx
antennas are needed to decorrelate the users in the scenario with
proper pre-coding. Moreover, for O3, the correlation curve for the
cross-polarized scheme exhibits higher values than O4. This might
be due to the fact that the Rx antenna for O3 is facing the back wall
in some positions (Rx 1,2 and 6) causing strong reflections contribut-
ing to the channel correlation and decreasing the Rician factor K as
observed in Fig. 5.
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Fig. 6: Receiver spatial correlation for all four orientations and
HV/VV polarizations.
The highest observed values of ρRx correspond to the co-polar
schemes in O1 and O2 which display a LOS with higher average
received power compared to O3 and O4 (Fig. 3) and higher Rician
factors (Fig. 5). From this point of view, better propagation condi-
tions for massive MIMO are obtained for O3 and O4. However, for
O1 and O2, the lowest values of ρRx are observed for the cross-
polarization links. Hence, it follows a better spatial separation is
obtained to enhance the system performance even under strong LOS
conditions using only polarization diversity. It is noteworthy that the
number of Tx antennas might be large for such indoor scenarios at
the chosen frequency range. However, due to the simplicity and prac-
ticality of the hybrid setup, the selected number of Tx antennas is
not an issue and consequently may allow verifying the asymptotic
behavior of massive MU-MISO channels with respect to the canon-
ical model.
Reducing the number of radio frequency chains (provided that
antenna selection strategies are deployed at system level), is a crit-
ical topic. Here, and for a desired correlation value threshold, the
correlation results indicate that the number of active antennas can
be optimized for a given orientation and polarization scheme. For
example, it can be observed for ρRx = 0.3 that no more than 40
antennas are needed for the worst case (upper curve) and 12 anten-
nas for the best case. However, to reach smaller values such as 0.2,
polarization diversity is clearly observed as an additional degree of
freedom to reduce the number of needed active antennas (30 for HV
vs. 75 for VV in O1). It is also observed from Fig. 6 that the dif-
ference between two polarization schemes for a given orientation O
depends on the Rician factor K and the XPD factor illustrated in
Fig. 5 and 4, respectively. For instance, the larger the difference in
K values between co and cross-polarization schemes (see O1 and
O2 in Fig. 5), the larger the gap between the corresponding con-
figurations for ρRx. This suggests a clear relationship between the
contribution of the MPC (strong K variations) and the evolution of
ρRx for different schemes ψ.
5.4 Sum Rate Capacity
In this section, the aim is to evaluate the sum-rate capacity of the sys-
tem and address the key points of this investigation : 1) the influence
of polarization diversity on the performance of the system, 2) the ZF
performance for different polarization schemes and 3) the trade-off
between low correlation values and high channel gains. Indeed, a
full polarimetric modeling of the massive MU-MISO channel is still
missing and the purpose of this study is to demonstrate the necessity
to develop such models including polarization diversity.
The results of sum-rate capacity defined in Eq. 7 for ZF with
waterfilling power allocation are discussed in this section with σ2n =
1. First, it has to be mentioned that the presented results include aver-
aging over either SNR or number of Tx antennas and also depend on
several parameters such as the power allocated, actual channel gain,
spatial receiver correlation, orientation and polarization schemes. In
Fig. 7, the sum-rate capacity is plotted as a function of the number
of the number of Tx antennas and averaged over the SNR range ([-5
30 dB]) after the normalization process.
Similarly to the correlation results, the data clearly indicate that
a better performance is obtained with O3 and O4 compared to O1
and O2. Indeed, as shown previously, O3 and O4 exhibit favorable
propagation conditions despite a lower received power on average.
Also, O4 performs better than O3 and O1 better than O2 which
presents the strongest LOS component because it is facing the array
for all users. It is important to underline an analogy between Fig. 7
and Fig. 6. For O3 and O4, VV polarization works better than HV.
For O1 and O2, HV polarization presents higher values of capacity.
This shows a relationship between spatial correlation and sum-rate
capacity for ZF. In strong Rician environments (high channel gains)
such as in O1 and O2, using cross-polarization will not only cause
a drop in the users channel vectors correlation, but will also yield to
an increase in the sum-rate capacity and overall spectral efficiency
improvement.
This fact establishes a trade-off between low correlation values
and high channel gains. In Fig. 8, the sum-rate capacity is plotted as
a function of the SNR averaged over the range of Tx antennas.
5
0 20 40 60 80 100
0
5
10
15
20
25
30
35
40
45
# of Tx antennas
Ca
pa
cit
y 
(bp
s/H
z)
 
 
HV O1
VV O1
HV O2
VV O2
HV O3
VV O3
HV O4
VV O4
i.i.d.
Fig. 7: Sum-rate capacity = f(M) for ZF with waterfilling.
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Fig. 8: Sum-rate capacity = f(SNR) for ZF.
It can be seen that sum-rate capacity varies linearly with SNR,
especially for large SNR values and reaches very good values com-
pared to the i.i.d. curve. The order of the curves is similar to that
in Fig. 7 and the same conclusions stand. For instance, in Fig. 8,
the curves are close to each other and schemes with lower corre-
lation values result into better sum-rate capacity. However, the gap
trends in Fig. 5 and 6 are not observed for sum-rate capacity results.
This is due to the application of the waterfilling technique for which
power is not evenly distributed among users and, therefore, affects
the overall sum-rate capacity. Under this umbrella, equal power allo-
cation was considered to evaluate the effect of polarization diversity
for different orientations (Fig. 9). Evidently, the obtained values are
lower because this allocation strategy is not optimal (especially for
low SNRs). However, the gaps between curves are in agreement with
those observed for the Rician factor and spatial correlation values.
ForO3 andO4, wherein a lower averageK is experienced and a nar-
rower difference between co and cross-polarized schemes is reached,
polarization diversity effects are not well pronounced. For O1 and
O2, the wider gap in K between co and cross-polarization is shown
to result in lower spatial correlation values as discussed earlier. Thus,
the overall sum-rate capacity for these configurations is improved.
Finally, it is noteworthy that the overall performance is not solely
dependent on K as the average received power and XPD also con-
tribute. However, it can be safely concluded from the presented
results the importance of full polarimetric modeling of the massive
MU-MISO channel if benefits are to be harvested from polarization
diversity.
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Fig. 9: Sum-rate capacity = f(SNR) for ZF and equal power
allocation.
6 Conclusion
In this contribution, polarimetric massive MU-MISO measurements
were performed with a real-time channel sounder at 1.35 GHz over a
80 MHz bandwidth with a large 8 × 12 URA for Tx and 6 Rx users
under four different orientations in an indoor scenario. The mas-
sive channel was evaluated using propagation characteristics such
as average received power, XPD and Rician factor K. Moreover, the
spatial correlation was evaluated for all orientations and polarization
schemes. It was observed that the correlation varies as a function
of the orientation and the polarization schemes. Cross-polarized
schemes have better spatial separation than co-polarized schemes for
orientations where a strong LOS component is present. On the other
side, system performance was evaluated via sum-rate capacity using
ZF linear pre-coder and compared with the spatially uncorrelated
i.i.d. canonical model. From this analysis, cross-polarized schemes
were shown to perform better with ZF and waterfilling when spatial
correlation is correspondingly lower. The additional degrees of free-
dom brought by polarization diversity alongside spatial multiplexing
were demonstrated to enhance the system capacity and improve
spectral efficiency. Future works include polarimetric massive MU-
MISO measurements in outdoor and industrial scenarios to validate
the conclusions of this work.
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